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Abstract 
This article deals with problem solution affecting the magnetic field of permanent magnets by change of their position.  This article 
proves the possibility of magnetic field influence on individual construction parts of a positioning mechanism. The first part of the article 
deals with the problem of magnetic surface levitation of diamagnetic object and with the description of principle of mechatronic 
positioning mechanism. Specifically, functions of individual construction parts in term of mechanics are described. Positioning levitating 
mechanism uses for magnetic field generation the matrix NdFeB 32, which is the matrix of permanent magnets arranged in a particular 
configuration. Linear actuators working on piezoelectric principle were chosen for magnets positioning. The next part of this article deals 
with numerical solution of magnetic field using calculation software FEMM, for five different configuration positions of permanent 
magnets. Using the postprocessor mechanism, outputs, for magnetic induction, for lines of force and for vector fields of each position, are 
subsequently created. In almost the last part the calculation of energies and forces acting in direction of magnetic field axes X and Y is 
done. The conclusion involves a summary of the possible influence of magnetic field by the change of magnets position and its 
subsequent influence on the levitating pyrolitic graphite, which is represented by the diamagnetic object. 
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1. Introduction 
Nowadays, magnetic levitation has a lot of practical usages in transport and in designing of sophisticated mechanisms. 
Principle of magnetic levitation based on coil application and permanent magnets or by their combination is useful for 
designing mechatronic devices. Within the scope of final thesis solution we focused on verification of possibilities to use 
magnetic levitation for positioning of diamagnetic object, see Fig. 4. At the beginning we uttered a hypothesis, that it is 
possible to influence shape and impact of magnetic field by changing position of each permanent magnet. Whereby, 
permanent magnets were placed in a specific configuration matrix, so that the created magnetic field enabled levitation of 
diamagnetic object. In the first phase, various design alternatives for change of magnets position and their storage were 
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proposed. In the next step, the most suitable alternative of mechanism, which was subsequently used for calculation of 
magnetic field in regard to all input parameters of environment and materials, was selected [3, 4, 12].  
1.1. Design of positioning mechanism and magnets storage   
The construction consists of two main parts a console with frame for storage of permanent magnets matrix and a holder 
of actuators used for changing magnet position. Illustration of the design is shown in Fig. 1. The frame consists of a base 
plate, four main walls and eight cross walls, which are placed in such a way, that they create a grid with equally spaced 
sections. Permanent magnets are placed into these parts so that their directions of magnetization are as shown in the Fig. 5. 
The frame limits whole area of magnets matrix. Cross-walls between magnets are used to prevent connection of magnets 
and they make their vertical movement easier. The whole frame is attached by four consoles and placed on four abutments 
in a certain height. Holder of actuators serves to anchor linear actuators, which are created of basic components; namely, 
engine body, involving piezoelectric actuators and from screws with fine pitch. Throughout the engine axis passes a hole, 
which has the same thread pitch and diameter as the screw. Actuators were selected according to their dimensions, so that 
they enable vertical movement in the place of segments among cross-walls of the frame and so that they can influence 
position of individual permanent magnets [2, 6, 12,13].       
Fig. 1. The overall design of a positioning mechatronic device [12] 
The Fig. 2 shows detail of actuators embedded by a holder, showing a design of ensuring constant position of actuator by 
adjusting sleeve, having the same inner diameter as the size of outer diameter of engine body. At the bottom of the holder 
are 100 bored holes, which enable free vertical movement of a screw, with (3 mm) diameter arranged into a (10x10 matrix). 
At the bottom, there are also holes with (5 mm) diameter arranged into a (9x9 matrix), whereby axis of each hole lies in the 
middle of four neighbouring engine arrangements. These holes are used for simple outlet of input and output engine cables 
of the whole construction and they disburden the whole construction. Exceptions are five holes, which design does not 
enable boring, because axes of those holes are identical with axes of abutments. Dimensions of whole placement are 
(120x120x30 mm), whereby distance of screw axes of neighbouring actuators is (10,7 mm). The distance of two side 
actuators is (107 mm) because actuators are arranged into (10x10 matrix) [7, 12, 14]. 
Fig. 2. Positiong of actuators for linear movement of each magnet, 1 screw for vertical movement and adjusting sleeve of actuator, 2 holder of actuators 
[12] 
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2. Solution of the magnetic field of permanent magnets
Verification of initial hypothesis can be done by experiment or simulation.  Taking into account that using an experiment 
to get preliminary results is expensive, we used software, called FEMM, for calculation of magnetic field. This software 
uses numerical methods of finite elements and except for magnetostatics problems it can solve problems of thermal and 
electric fields. A great advantage of this software is its license, which allows usage for non-commercial use in extensor [].    
2.1. Input parameters  
To get the most realistic results of magnetic field calculation of permanent magnets, it was necessary to define input 
parameters of material composition of individual subassemblies. Therefore, some parts of construction are made of material, 
which is little influenced by magnetic field. For individual subassemblies following material was chosen [7, 11, 12]: 
• Side walls  – polycarbonate  
• Cross-walls  – polycarbonate 
• Base plate – polycarbonate 
• Abutments  – aluminium 42 4002 according to standard  STN EN 573-1-2-3 
• Consoles  – aluminium 42 4002 according to standard  STN EN 573-1-2-3 
• Actuators´ holder  – steel 12020.1 according to standard  STN 41 2020 
• Body of linear engines  – silicon  
• Screw – aluminium 42 4002 according to standard STN EN 573-1-2-3 
• Permanent magnets – NdFeB 32 – Neodymium magnets 
• Levitating paramagnetic object – pyrolytic graphite
Material constants of these parts were taken from material data sheet of program FEMM. In cases when information was 
missing it was subsequently added to the database. Areas, which were from the design point of view, not identical with any 
part, were marked and counted with constant of relative permeability of air. 
2.2. Solution in the program FEMM 
Calculation of magnetic field using method FEM (Finite Elements Method) and with help of program FEMM was 
implemented for pentad possible variants. Each variant presents different vertical positions of individual permanent 
magnets. It is position 1, 2, 3, 4, and 5, which values of movements for each magnet are given in Table 1. Movements of 
individual magnets denoted by numbers are in direction of axis y as shown in the Fig. 3.  
Fig. 3. Magnets denotation and illustration of coordinate system [12] 
Calculation of magnetic field is realized in vertical cut plane, which passes through the centre of positioning mechanism. 
Graphical outputs from the postprocessor of the program FEMM enable only 2D view. For a better interpretation of 
magnetic field of the whole mechanism it would be better to use calculation software, which involves a postprocessor with 
3D view. Because the license of 3D software is too expensive we used for our calculations a variant of software, which 
license is free.   
Fig. 4. Figure schematically showing of  magnets move in vertical axis and changing of position  the diamagnetic object [12] 
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Table 1. Values of magnet movement in Y axis direction 
Number of 
magnet 
1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 
Position 1. 
(mm) 
0 0 0 0 0 0 0 0 0 0 
Position 2. 
(mm) 
3 2 1 0 0 0 0 0 0 0 
Position 3. 
(mm) 
0 0 0 1,5 2,5 2,5 1,5 0 0 0 
Position 4. 
(mm) 
0 0 1,5 3 4,5 4,5 3 1,5 0 0 
Position 5. 
(mm) 
0 0 0 0 0 4,5 0 0 0 0 
The Fig. 5 shows above mentioned plane cut of a mechanism in position 1, when all magnets are in initial state. This 
picture shows arrangement of alternating orientation of permanent magnets magnetization represented by green arrows and 
for individual regions a network of finite elements with different density is generated. The highest density of network is 
around permanent magnets and their actuators. Chosen densities of finite elements in given regions are preserved even by 
following changes of permanent magnets position in cases of positions 2 and 5. According to expectations of magnet 
movement in direction of axis Y, new regions arise, which in real situations are made of air. Network density of these 
regions is defined equally to density of permanent magnets. In the picture Fig. 5, above the magnet 6, it is possible to see a 
diamagnetic object created of a pyrolitic graphite. It is not possible to define the real position of pyrolitic graphite by the 
program FEMM, but its position was important for assessment of magnetic field behaviour in its environment. In case of 
magnets position 3, 4 and 5 we removed the pyrolitic graphite from the magnetic field calculation. The reason for that are 
the change of magnets position and the impossibility of prediction of its dynamic behaviour. Because the calculation is done 
for a static magnetic field and the program FEMM cannot count with dynamic changes of position of individual objects, 
constant placement of diamagnetic levitating objects would be incorrect. For this reason, we consequently focused mainly 
on calculation, identification of the shape of magnetic field, shape of induction lines of force, density and intensity of 
magnetic field and last but not least, the shape of vector fields [1, 5, 8, 9, 10]. 
Fig. 5. Generated network of FEM elements in particular regions of construction and illustrated directions of magnetization  [12] 
According to results gained from calculation of individual positions, it is possible to divide calculation part into: 
• Obtaining density of magnetic field or so called values of magnetic induction 
• Determining the shape of magnetic field lines and their influence on the mechanism 
• Generating the vector field of magnetic impact 
• Calculation of energies and magnetic field forces 
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2.3. Calculation of magnetic induction values, generating the shape of lines of force and vector field for change of positions 
1 to 5 
Using the postprocessor program FEMM, after the calculation we gained the density of magnetic field of permanent 
magnets and the shape of magnetic field lines of force. The size of magnetic induction is represented by a various colour 
scale, to which belongs interval of size values of magnetic induction in Tesla units. According to the arrangement of 
magnetic field density and the shape of lines of force we can obtain an image about behaviour of magnetic field after the 
change of individual magnets position [11, 16].  
(a)  (b)
Fig. 6. Illustration of magnetic induction density and the shape of magnetic field lines (a) in position 1 (b) in position 2 [12] 
The Fig. 6(a) shows density of magnetic field and magnetic field lines in position 1, meaning, all magnets are in initial 
position. The greatest action of magnetic field is in space above the surface of permanent magnets, what is in line with 
requirement of achieving a magnetic levitating pillow, which enables levitation of pyrolitic graphite. The highest density is 
visible on the edges and in corners of magnets. In general, the interference of magnetic field into location of actuators is 
minimal, but beside of this, it is possible to observe transfer of lines of force, using holder of actuators, to the level of the 
left abutment. It is also possible to see rise of magnetic induction in the pad area and by the walls of the left abutment. The 
Fig. 6(b) shows density and magnetic field lines in position 2. In comparison to Fig. 6(a) it is possible to see particular 
changes in the shape of lines of force in the left part of the positioning mechanism. Lines of force do not interfere into left 
console and to abutment of the mechanism in such extent. On the magnet no. 2 it is possible to see a particular change in the 
slope of lines passing across magnet 3 up to magnet 1. In Fig. 6(a) and  (b) it is also possible to observe the shape of lines of 
force in area around diamagnetic object, where lines do not pass through the body because the magnetic conduction is 
minimal, as evidenced by low value of relative permeability of pyrolitic graphite. The density of magnetic field in this area 
is also minimal. 
(a)  (b)
Fig. 7. Illustration of magnetic induction density and the shape of magnetic field lines (a) in position 3 (b) in position 4 [12] 
The next Fig. 7(a) shows magnetic induction and magnetic field lines of force for the position 3. We removed 
diamagnetic object from the calculation because its re-location to a new position after the change of position would not be 
accurate. When comparing Fig. 7(a) and Fig. 6(a) it is possible to observe small changes in the shape of lines passing 
through raised magnets, when their slope is changing. In the area above magnets is the lines shape slightly changed into a 
shape of gradually sharpened arches. In spaces under magnets, magnetic field, acting exactly on actuators, weakens. The 
Fig. 7(b), analogous to the previous figure, shows density and magnetic field lines by a greater change of magnets position 
corresponding to position 4. In comparison with previous figure, a greater change of lines shape, passing through magnets, 
is visible. The slope of lines is getting bigger even above the surface of positioning mechanism. Vice versa the impact of 
magnetic field on actuators by the change of magnets position is minimal. If we focus on density of magnetic field, than we 
find out that the whole volume of magnetic field has raised. It is possible to observe this change by comparison of Fig. 7(b) 
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with Fig. 6(a). In the figure, showing initial position, it is possible to see fields with low values of magnetic induction, 
placed above the surface of magnets [9, 10, 11].  
(a)  (b) 
Fig. 8. Illustration of magnetic induction density and the shape of magnetic field lines (a) in position 5 (b) illustration of the range of magnetic induction 
values [12] 
The Fig. 8(a) shows the biggest difference compared to previous figures. The difference is the use of only one magnet for 
the change of position. Extreme change of height of only one magnet is extremely visible in the change of shape of 
magnetic field lines.  Lines have a different slope and magnetization poles of given magnet begin to occur. Change of 
magnetic field shape above magnet 6 causes that the diamagnetic object from space above magnet 6 moves to spaces of 
neighbouring magnets. The graphical output of magnetic field density in the Fig. 9(a), shows the raise of magnetic field 
intensity, which values are given in the Fig. 9(b).   
(a)  (b) 
Fig. 9. Illustration of density of magnetic intensity (a) in position 5(b) Illustration of the range of magnetic intensity values  [12] 
On the magnet 6, it is possible to observe increased density of magnetic field intensity by the poles. With the increasing 
value of position, even the size of magnetic intensity increases. This fact is evident mostly in case of a single magnet rise. 
The next Fig. 10 shows vector field of magnetic induction in position 5. According to the shape of vectors we can conclude, 
that in some places of magnetic field the consolidation of diamagnetic object is likelier than in others. We can expect that 
pyrolitic graphite will have a worse certainty of fixation in levitating position in odd areas of magnet than in even areas of 
magnet.  
Fig. 10. Vector field of magnetic induction in position 5 [12] 
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The graph showing dependence of magnetic induction on distance, from the beginning of the first magnet to the end of 
the last magnet, is an evidence of the overall change of magnetic field induction. This distance was denoted by a contour, 
which was in a particular distance over the magnets surface of positioning mechanism. The Fig. 11(a) shows process in the 
position 1, when the contour is placed in the height of (1,5 mm) over magnets surface. Next shows a great jump to zero 
value in the area (50 to 60 mm). This corresponds to situation when the contour is placed in height of (2,5 mm) and passes 
through diamagnetic object. Interesting is the rapid increase of magnetic induction, closely around diamagnetic object, onto 
value 0.8 T. Fig. 12 shows magnetic induction above magnets surface in case that magnet 6 is placed to position 5 [14, 16].  
(a)  (b) 
Fig. 11. (a) Process of magnetic induction in place 1,5mm above magnets surface, in position 1 (b) Process of magnetic induction in place 2,5 mm above 
magnets surface in position 1 [12] 
Fig. 12.  Process of magnetic induction in place 2,5 mm above magnets surface in position 5 [12] 
2.4. Calculation of energies and forces of magnetic field in particular positions  
Fig. 13. Energy flow of the magnetic field in particular magnets by the change of their position  
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The postprocessor program FEMM was used for calculation of energies and forces of magnetic field. Magnetic field 
forces were calculated using the function of Weighted Stress Tensor. The force was calculated in direction of axes X and Y. 
Evocation of permanent magnets movement, caused by impact of force in the direction of axis X, is partly eliminated by the 
design of magnets placement. Forces acting in the direction of axis Y are those forces which enable magnets to strengthen 
their vertical position among each other, so they hinder vertical positioning of actuators. Following figures show graphs of 
calculated energies and magnetic field forces in all positions [11, 14, 16 ]. 
Fig. 14. The course of forces effecting in the direction of the X axis in particular magnets by the change of their position  
Fig. 15. The course of forces effecting in the direction of the Y axis in particular magnets by the change of their position 
3. Conclusion 
Fig. 13 shows dependencies of energy change of magnetic field in a particular magnet for changes of position 1 to 5. In 
position 1, is the flow of energy in all magnets almost constant. In positions 2 to 4 is the energy of magnetic field quite 
similar. The largest increase of magnetic field energy is in position 5, when the energy in magnet 6 is much bigger than 
energies in previous cases. Fig. 14 shows the process of force action in direction of axis X in particular magnets. In position 
5, graph shows zero force in magnet 6, but both neighbouring magnets gain extreme values, with opposite orientation, in 
direction of axis X. The lower is the interference of magnets position the lower is the force excitation in X axis direction. 
We can conclude that, the more we try to change the initial position of magnet 6 the bigger is the interaction of magnets 
among themselves and the more power we need to change their position. In this case, it is about overcoming the force, 
which is perpendicular to direction of magnet movement. Fig. 15 shows process of force acting in magnets in direction of 
axis Y. It is visible that the values of forces are bigger than it was in direction of axis X. Values of magnet forces in position 
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1 to 4 are slightly different. In direction 5, the greatest decrease of force values is visible. The greatest decrease to zero 
value is in magnet 6. That means, the more is magnet 6 moving away from its initial position the lower is the contra force 
acting on the actuator. It is also possible to see that the actuator, which is raising magnets, has the biggest problem with 
raising magnets 2, 4, 6 and 8 in their initial positions. From all gathered results, we are able to make a conclusion that 
magnetic field of positioning mechanism can be influenced by position change of individual permanent magnets. The 
largest influence occurs when position of only one magnet changes while position of other magnets remains unchanged. 
Magnetic field, influenced in such a way, is acting on the position of pyrolitic graphite. For a better exploration of 
movement of pyrolitic graphite in changed field, it is appropriate to carry out various calculations of magnetic field by 
change of pyrolitic graphite position in X axis direction. To verify calculated results and drawn conclusions it is important 
to make experimental verification of position change of pyrolitic graphite on a real matrix of permanent magnets [3, 12, 13, 
15, 16].   
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